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(57) ABSTRACT 
An iontophoresis device may be capable of preventing or 
reducing the generation of gas, or the production of unde 
sirable ions, due to an electrode reaction occurring in an 
electrode assembly; or the alteration of an active agent due 
to a chemical reaction upon energiZation. A doping layer 
made of a substance such as a conductive polymer that 
effects an electrochemical reaction due to the doping or 
de-doping of an ion, may be formed in an electrode in an 
active electrode assembly or counter electrode assembly of 
an iontophoresis device. 
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IONTOPHORESIS DEVICE 

BACKGROUND 

[0001] 
[0002] The present disclosure generally relates to the ?eld 
of iontophoresis, and in particular, to an iontophoresis 
device capable of preventing or suppressing an undesirable 
electrode reaction in an electrode assembly. 

[0003] 2. Description of the Related Art 

[0004] lontophoresis involves electrically driving an 
active agent that has dissociated into positive or negative 
ions in solution by using a voltage to transdermally transfer 
the active agent into a subject, and has advantages such as 
reduced patient burden and excellent controllability of the 
amount of the active agent to be administered. 

1. Field 

[0005] FIG. 9 is an explanatory vieW that shoWs a basic 
con?guration of an iontophoresis device. 

[0006] The iontophoresis device of FIG. 9 comprises: an 
active electrode assembly 110 having an electrode 111 and 
an active agent solution reservoir 114 that holds a solution 
of an active agent dissociated into positive or negative active 
agent ions (active agent solution); a counter electrode 
assembly 120 having an electrode 121 and an electrolyte 
solution reservoir 122 that holds an electrolyte solution; and 
an electric poWer source 130 including tWo terminals con 
nected to the electrodes 111 and 121. An electrical potential 
or voltage having the same polarity as that of active agent 
ions is applied to the electrode 111 and an electrical potential 
or voltage having a polarity opposite to that of the active 
agent ion is applied to the electrode 121 in a state Where the 
active agent solution reservoir 114 and the electrolyte solu 
tion reservoir 122 are brought into contact a biological 
interface of a subject. The active agent ions are thus admin 
istered to the subject. 

[0007] Problems that may occur in such an iontophoresis 
device include a variety of electrode reactions occurring in 
the electrode assemblies 110 and 120. 

[0008] For example, When using a cationic drug that 
dissociates into positive active agent ions, hydrogen ions or 
oxygen gas may be generated at the electrode 111 and 
hydroxide ions or hydrogen gas may be generated at the 
electrode 121 due to the electrolysis of Water. In addition, the 
active agent causes a chemical reaction near the electrode 
111 to change depending upon the kind of the active agent 
and the energiZation conditions. Furthermore, When the 
active agent solution reservoir 114 contains chlorine ions, a 
chlorine gas or hypochlorous acid may be generated. 

[0009] Similarly, When using an anionic drug that disso 
ciates into negative active agent ions, hydroxide ions or a 
hydrogen gas may be generated at the electrode 111 and 
hydrogen ions or an oxygen gas may be generated at the 
electrode 121 due to the electrolysis of Water. In addition, the 
active agent causes a chemical reaction near the electrode 
111 to change depending upon the kind of the active agent 
and the energiZation conditions. Furthermore, When the 
electrolyte solution reservoir 122 contains chlorine ions, a 
chlorine gas or hypochlorous acid may be generated. 

[0010] EnergiZation from the electrode 111 or 121 to the 
active agent solution or the electrolyte solution may be 
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inhibited When a gas as described above is generated in the 
electrode assembly 110 or 120. When hydrogen ions, 
hydroxide ions, or hypochlorous acid are generated in the 
electrode assembly 110 or 120, they may transfer to a 
biological interface and have a detrimental effect on a 
subject. In addition, the alteration of an active agent may 
cause undesirable conditions such as the inability to obtain 
an initial drug effect and the production of a toxic substance. 

[0011] Us. Pat. No. 4,744,787 discloses, as an ionto 
phoresis device capable of solving such problems as 
described above, an iontophoresis device in Which a silver 
electrode is used as an anode and a silver chloride electrode 
is used as a cathode. 

[0012] In the disclosed device, a reaction preferentially 
occurs Where silver in the anode is oxidiZed by energiZation 
to become insoluble silver chloride, While silver chloride is 
reduced at the cathode to become metallic silver. As a result, 
the generation of various gases and the production of various 
ions due to such electrode reactions as described above can 
be suppressed. 

[0013] HoWever, it is dif?cult to prevent the dissolution of 
the silver electrode during storage of the iontophoresis 
device. In particular, When the device is intended for use 
administering a cationic drug, the amount of applicable drug 
types is extremely limited. In addition, morphological 
change upon production of silver chloride from the silver 
electrode is large. Therefore, special consideration must be 
given in order to prevent such morphological change from 
affecting the properties of the device. As a result, a problem 
may arise in that a severe restriction is imposed on the 
con?guration of the device (for example, it may be impos 
sible to adopt a laminate structure). Furthermore, the ionto 
phoresis device is unable to solve the problem of the 
alteration of the active agent upon energiZation. 

[0014] JP 3040517 B discloses an iontophoresis device 
shoWn in FIG. 10 as another iontophoresis device capable of 
solving the problems described above. 

[0015] Referring to FIG. 10, the iontophoresis device 
comprises: an active electrode assembly 210 including an 
electrode 211, an electrolyte solution reservoir 212 holding 
an electrolyte solution in contact the electrode 211, an ion 
exchange membrane 213 of a second polarity, the ion 
exchange membrane 213 being placed on the front surface 
side of the electrolyte solution reservoir 212, an active agent 
solution reservoir 214 holding an active agent solution 
containing active agent ions of a ?rst polarity, the active 
agent solution reservoir 214 being placed on the front 
surface side of the ion exchange membrane 213, and an ion 
exchange membrane 215 of the ?rst polarity, the ion 
exchange membrane 215 being placed on the front surface 
side of the active agent solution reservoir 214; and a counter 
electrode assembly 220 and an electric poWer source 230 
similar to those shoWn in FIG. 9. 

[0016] In the iontophoresis device, the electrolyte solution 
and the active agent solution are partitioned by the second 
ion exchange membrane 213 of the second polarity. As a 
result, the composition of the electrolyte solution can be 
selected independently of the active agent solution. An 
electrolyte solution that does not contain chlorine ions can 
thus be used. In addition, the selection of an electrolyte 
having a loWer oxidation or reduction potential than the 
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electrolysis of Water as the electrolyte in the electrolyte 
solution can suppress the production of oxygen gas, hydro 
gen gas, hydrogen ions, and hydroxide ions resulting from 
the electrolysis of Water. Alternatively, the use of a buffer 
electrolyte solution into Which a plurality of electrolytes are 
dissolved may suppress changes in pH due to the production 
of hydrogen ions or hydroxide ions. Furthermore, the trans 
fer of active agent ions to the electrolyte solution reservoir 
is blocked by the second ion exchange membrane, thus 
solving a problem Where the active agent alters due to a 
chemical reaction occurring When the device is turned on. 

[0017] HoWever, the iontophoresis device disclosed in JP 
3040517 B comprises a large number of members, and the 
electrolyte solution reservoir 212 and the active agent solu 
tion reservoir 214 must each be handled in a Wet state (a state 
With high Water content). Therefore, a problem arises in that 
automated device production and mass production of the 
device may be dif?cult, and may not result in production cost 
reductions. 

[0018] Other references considered include “KS Kagaku 
Senmonsho Dodensei Kobunshi” edited by Naoya Ogata, 
Kodansha, published January, 1990, and “Shin Zairyou 
series Dodensei Koubunshi no Saishin Ouyou Gijutsu” 
Written by Yukuo Kobayashi, CMC Publishing CO., LTD., 
published July, 2004 

BRIEF SUMMARY OF THE INVENTION 

[0019] In one aspect, the present disclosure is directed to 
an iontophoresis device capable of preventing or suppress 
ing the generation of oxygen gas, chlorine gas, or hydrogen 
gas in an electrode assembly. 

[0020] In another aspect, the present disclosure is directed 
to an iontophoresis device capable of preventing or sup 
pressing the generation of hydrogen ions, hydroxide ions, or 
hypochlorous acid in an electrode assembly. 

[0021] In a further aspect, the present disclosure is 
directed to an iontophoresis device capable of preventing or 
suppressing the changes to an active agent due to a chemical 
reaction upon energiZation. 

[0022] In an additional aspect, the present disclosure is 
directed to an iontophoresis device Which is capable of 
preventing or suppressing the generation of gas or ions, as 
described above, or is capable of preventing or suppressing 
changes in an active agent, and Which does not cause a large 
morphological change to an electrode due to energiZation. 

[0023] In yet another aspect, the present disclosure is 
directed to an iontophoresis device Which is capable of 
preventing or suppressing the generation of gas or ions, as 
described above, or is capable of preventing or suppressing 
changes in an active agent, and Which has a simpli?ed 
structure. 

[0024] In a yet further aspect, the present disclosure is 
directed to an iontophoresis device Which is capable of 
preventing or suppressing the generation of gas or ions, as 
described above, or is capable of preventing or suppressing 
changes in an active agent. In addition, automated and/or 
mass production of the device may be easily performed. 

[0025] In one more aspect, the present disclosure is 
directed to an iontophoresis device Which is capable of 
preventing or suppressing the generation of gas or ions, as 
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described above, or is capable of preventing or suppressing 
changes in an active agent, and Which may have loWer 
production costs. 

[0026] In still one more aspect, the present disclosure is 
directed to an iontophoresis device comprising at least one 
electrode assembly including an electrode With a doping 
layer made of a substance effecting an electrochemical 
reaction due to the doping or de-doping of an ion (herein 
after, an electrode having a doping layer may be referred to 
as a “doping electrode”). 

[0027] Therefore, energiZation from an electric poWer 
source to an electrolyte solution or an active agent solution 
may be mostly or entirely caused by doping an ion into, or 
de-doping an ion from, a doping layer. As a result, an 
electrode reaction that may tend to generate a gas such as 
oxygen, chlorine, or hydrogen, or undesirable ions such as 
hydrogen ions, hydroxide ions, or hypochlorous acid may be 
prevented or at least reduced. 

[0028] Elfecting an electrochemical reaction due to the 
doping of an ion refers to the fact that, When positive or 
negative charge is given to a doping layer, the doping layer 
thus formed captures ions having the opposite charge as that 
of an electrolyte solution or active agent solution in contact 
With the doping layer. The layer is doped With the ion (the 
ion binds to a substance constituting the doping layer), so the 
given charge is compensated. Elfecting an electrochemical 
reaction due to the de-doping of an ion refers to the fact that, 
When positive charge is given to a positively doped layer, 
positive ions are de-doped and released from the doping 
layer, thus compensating the given charge. Alternatively, 
When negative charge is given to a negatively doped layer, 
negative ions are de-doped and released from the doping 
layer, thus compensating the given charge. 

[0029] Conductive polymers such as polyaniline, polypyr 
role, polythiophene, polyacetylene, or a derivative or a 
mixture thereof, are typically used in the doping layer. Of 
those, polyaniline may be most preferred. “KS Kagaku 
Senmonsho Dodensei Kobunshi” edited by Naoya Ogata, 
Kodansha, published on January, 1990, and “Shin Zairyou 
series Dodensei Koubunshi no Saishin Ouyou Gijutsu” 
Written by Yukuo Kobayashi, CMC Publishing CO., LTD., 
published on July, 2004, both incorporated herein by refer 
ence in their entirety, detail derivatives of polyaniline, 
polypyrrole, polythiophene, or polyacetylene that can be 
used for the doping layer in accordance With the teachings 
herein. 

[0030] Various methods are knoWn for producing conduc 
tive polymers, and various methods are knoWn for forming 
a conductive polymer into a ?lm. Examples of such methods 
include: subjecting a poWder-like conductive polymer 
chemically synthesiZed by means of an oxidation polymer 
iZation method to compression molding; bringing a conduc 
tive polymer into an ink state by means of a polar organic 
solvent such as N-methylpyrrolidone, molding the ink-like 
polymer, and removing the solvent; and immersing an 
appropriate conductive base material in a solution of a 
monomer for producing a conductive polymer and perform 
ing electrolytic polymeriZation to form a conductive poly 
mer layer on the base material. The doping layer may be 
formed by means of any one of those methods. 

[0031] The entirety of the doping layer may include only 
the conductive polymer, or it may also include additional 
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components other than the conductive polymer. For 
example, a suitable Woven or non-Woven fabric impregnated 
With the conductive polymer may be used in order to impart 
mechanical strength against tears or breakage. The conduc 
tive polymer and an appropriate polymer binder may also be 
blended together. Alternatively, in order to improve the 
conductivity of the conductive polymer, the conductive 
polymer may be blended With a conductive ?ller such as 
carbon. 

[0032] As described beloW, the conductive polymer may 
be doped With active agent ions to be administered to a 
subject, or With an ion substituting for active agent ions With 
Which the ?rst ion exchange membrane is doped. In addi 
tion, the conductive polymer may be doped With an ion as 
an electron acceptor or an electron donor for the purpose of 
improving the conductivity of the conductive polymer. 

[0033] Examples of materials that can be used in the 
doping layer include carbon materials such as graphite. 

[0034] An electrode assembly having the doping electrode 
can be directly used as a counter electrode assembly. The 
electrode assembly having the doping electrode can be used 
also as an active electrode assembly by doping the doping 
layer With active agent ions before use. 

[0035] That is, energiZation may be performed by apply 
ing an electrical potential or voltage having the polarity 
opposite to that of active agent ions to the doping electrode 
in a state Where the doping layer is immersed in an active 
agent solution containing the active agent ion at an appro 
priate, Whereby the doping layer can be doped With the 
active agent ion. 

[0036] In addition, the active agent ion may be adminis 
tered to a subject by applying an electrical potential or 
voltage having the same polarity as that of the active agent 
ion to the doping electrode in a state Where the doping layer 
doped With the active agent ion is brought into contact a 
biological interface of the subject. 

[0037] In this case, energiZation from the doping electrode 
to the subject is entirely or partially caused by the de-doping 
of the active agent ion from the doping layer to transfer to 
the subject. As a result, the gas or undesirable ion generation 
may be prevented or at least reduced. 

[0038] Furthermore, the doping layer doped With the 
active agent ion functions as an ion exchange membrane of 
the same polarity as that of the active agent ion. That is, 
doping the doping layer With a positive active agent ion 
imparts an ion exchange function to the doping layer, thus 
permitting the passage of positive ions and blocking the 
passage of negative ions. Similarly, doping the doping layer 
With a negative active agent ion imparts an ion exchange 
function to the doping layer, permitting the passage of 
negative ions and blocking the passage of positive ions. 

[0039] Therefore, upon administration of the active agent 
ion to a subject, the transfer of a subject counter ion (an ion 
present on the surface of the subject or in the subject, the ion 
being charged to the polarity opposite to that of the active 
agent ion) to the doping layer may be blocked, Whereby the 
amount of a current consumed can be reduced, and the 
ef?ciency of administration of an active agent can be 
increased. 
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[0040] The doping of the doping layer With the active 
agent ion When the electrode assembly having the doping 
electrode is used as an active electrode assembly as 
described above may be performed at any time from pro 
duction of the iontophoresis device or the active electrode 
assembly through to a time immediately before use (the 
administration of an active agent to a subject). 

[0041] An iontophoresis device typically comprises an 
active electrode assembly holding an active agent to be 
administered to a subject and a counter electrode assembly 
serving as a counter electrode of the active electrode assem 
bly. One, or preferably both, of the active electrode assembly 
or the counter electrode assembly may be an electrode 
assembly having a doping electrode. 

[0042] An active agent to be administered to a subject may 
be held by each of tWo electrode assemblies to be connected 
to both polarities of an electric poWer source (in this case, 
each of both electrode assemblies serves as an active elec 
trode assembly and a counter electrode assembly), or mul 
tiple electrode assemblies may be connected to each polarity 
of an electric poWer source, depending upon the agent or 
agents to be delivered. In this case at least one of the 
electrode assemblies may include a doping electrode. Alter 
natively, preferably all of the electrode assemblies include a 
doping electrode. 

[0043] An electrode assembly that comprises a doping 
electrode may have a simple structure. Automated produc 
tion and mass production of an iontophoresis device that 
comprises one or more doping electrodes may thus be easily 
performed. Further, production costs may be signi?cantly 
reduced. 

[0044] The electrode assembly may further include an 
active agent solution reservoir holding an active agent 
solution containing active agent ions of the ?rst polarity, the 
active agent solution reservoir being placed on the front 
surface side of the doping layer. 

[0045] Such an electrode assembly may be used as an 
active electrode assembly in an iontophoresis device. Active 
agent ions in the active agent solution reservoir may be 
administered to a subject by applying an electrical potential 
or voltage of the ?rst polarity to the doping electrode in a 
state Where the active agent solution reservoir is brought into 
contact a biological interface of the subject. 

[0046] In this case, the doping layer captures an ion of a 
second polarity from the active agent solution reservoir, and 
the layer is doped With the ion, Whereby energiZation from 
the doping electrode to the active agent solution reservoir 
occurs. Therefore, the generation of gases and undesirable 
ions can be suppressed. 

[0047] The doping layer can be doped With an ion of the 
?rst polarity in advance. In this case, energiZation from the 
doping electrode to the active agent solution reservoir is 
caused by the doping With an ion of the second polarity in 
the active agent solution reservoir and the de-doping of an 
ion of the ?rst polarity from the doping layer. It should be 
noted that the same may also hold true other embodiments. 

[0048] The doping layer can be doped With an ion of the 
?rst polarity through energiZation as a result of applying an 
electrical potential or voltage of the second polarity to the 
doping electrode in a state Where the doping layer is 
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immersed in an electrolyte solution containing an appropri 
ate concentration of the ion of the ?rst polarity. 

[0049] In some embodiments, the electrode assembly pref 
erably further comprises a ?rst ion exchange membrane of 
the ?rst polarity placed on the front surface side of the active 
agent solution reservoir. 

[0050] The active agent ion in the active agent solution 
reservoir may then be administered to a subject through the 
?rst ion exchange membrane by applying an electrical 
potential or voltage of the ?rst polarity to the doping 
electrode in a state Where the ?rst ion exchange membrane 
is brought into contact a biological interface of the subject. 

[0051] In this case, an increase in ef?ciency of adminis 
tration of the active agent ion may be obtained because the 
transfer of a subject counter ion to the active agent solution 
reservoir can be blocked by the ?rst ion exchange mem 
brane. 

[0052] In some embodiments, it may be preferable that: 
the electrode assembly further include a second ion 
exchange membrane of the second polarity placed on the 
front surface side of the doping layer; and the active agent 
solution reservoir be placed on the front surface side of the 
second ion exchange membrane. 

[0053] An active agent may be administered to a subject in 
the same manner as that described above. In addition, 
changes to the active agent near the doping electrode during 
energiZation may be prevented or suppressed because the 
second ion exchange membrane can block the transfer of 
active agent ions to the side of the doping electrode. 

[0054] In this case, the second ion exchange membrane 
and the doping layer are preferably joined integrally With 
each other. The integral joining can improve energiZation 
property betWeen the doping layer and the second ion 
exchange membrane and simplify the assembly Work of the 
electrode assembly. Therefore, automated production and 
mass production of the electrode assembly may be easily 
performed. Further, production cost may be reduced. 

[0055] The second ion exchange membrane and the dop 
ing layer can be joined With each other by, for example, 
thermocompression bonding. Alternatively, the joining can 
be performed by forming the doping layer on the second ion 
exchange membrane by means of any of the various meth 
ods described above. 

[0056] In some embodiments, the electrode assembly can 
further include: an electrolyte solution reservoir holding an 
electrolyte solution, the electrolyte solution reservoir being 
placed on the front surface side of the doping layer; and a 
?rst ion exchange membrane of the ?rst polarity that is 
placed on the front surface side of the electrolyte solution 
reservoir and that is doped With active agent ions of the ?rst 
polarity. 

[0057] Such an electrode assembly can be used as an 
active electrode assembly in an iontophoresis device. Active 
agent ions With Which the ?rst ion exchange membrane is 
doped can be administered to a subject by applying an 
electrical potential or voltage of the ?rst polarity to the 
doping electrode in a state Where the ?rst ion exchange 
membrane is brought into contact a biological interface of 
the subject. 
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[0058] Here, the electrolyte solution of the electrolyte 
solution reservoir serves to supply an ion of the ?rst polarity 
for substituting the active agent ion in the ?rst ion exchange 
membrane (hereinafter, the ion of the ?rst polarity in the 
electrolyte solution is referred to as the “?rst electrolytic 
ion”) and to supply an ion of the second polarity With Which 
the doping layer is to be doped (hereinafter, the ion of the 
second polarity in the electrolyte solution is referred to as the 
“second electrolytic ion”). 

[0059] That is, the doping layer may capture the second 
electrolytic ion, thus doping the layer With the ion, Where 
energiZation from the doping electrode to the electrolyte 
solution reservoir occurs. In addition, the active agent ion in 
the ?rst ion exchange membrane is substituted by the ?rst 
electrolytic ion from the electrolyte solution reservoir, so the 
active agent can be transferred to a subject. 

[0060] The ?rst ion exchange membrane can be doped 
With active agent ions by immersing the ?rst ion exchange 
membrane in an active agent solution containing an appro 
priate concentration of active agent ion for a predetermined 
time period. The amount of the active agent ions With Which 
the ?rst ion exchange membrane is to be doped can be 
controlled by adjusting the concentration of the active agent 
ion, an immersion time, and the number of times of immer 
sion in this case. 

[0061] When the ?rst electrolytic ion has a mobility larger 
than that of active agent ions, a higher priority may be placed 
on the transfer of the ?rst electrolytic ion to a subject than 
that on the transfer of the active agent ion to the subject, so 
the ef?ciency of administration of an active agent may 
decrease. Use of a composition in Which the ?rst electrolytic 
ion has a mobility comparable to or smaller than that of the 
active agent ion may therefore be preferable for the elec 
trolyte solution of the electrolyte solution reservoir. Alter 
natively, such reduction in ef?ciency of administration as 
described above can be prevented by using the active agent 
ion as the ?rst electrolytic ion of the electrolyte solution 
reservoir. 

[0062] The ef?ciency of administration of active agent 
ions may be increased because the ?rst ion exchange mem 
brane blocks the transfer of a subject counter ion to the 
electrolyte solution reservoir. Furthermore, the ef?ciency of 
administration of the active agent ion may be further 
increased because the active agent ion is held by the ?rst ion 
exchange membrane as a member to be brought into direct 
contact a biological interface of a subject. 

[0063] In addition, the stability of the active agent ion 
during storage may be improved, and the amount of a 
stabiliZer, an antimicrobial agent, an antiseptic, or the like to 
be used can be reduced or the storage period of the device 
can be prolonged because the ?rst ion exchange membrane 
holds the active agent ion by being doped With the ion (that 
is, the active agent ion binds to an ion exchange group in the 
ion exchange membrane). In addition, the stability of the 
administration of an active agent can be improved because 
the amount of the active agent ions With Which the ?rst ion 
exchange membrane is to be doped can be strictly adjusted. 
Furthermore, the production of the electrode assembly can 
be simpli?ed because the ?rst ion exchange membrane With 
Which the active agent ion is doped is used instead of the 
active agent solution reservoir that must have been conven 
tionally used in a Wet state. Therefore, automated production 
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and mass production of the electrode assembly may be 
easily performed. Further, production cost can be reduced. 

[0064] In some embodiments, it may be preferable that: 
the electrode assembly further include a second ion 
exchange membrane of the second polarity placed on the 
front surface side of the electrolyte solution reservoir; and 
that the ?rst ion exchange membrane be placed on the front 
surface side of the second ion exchange membrane. 

[0065] An active agent may thus be administered to a 
subject in the same manner as that described above. In 
addition, changes to the active agent upon energiZation can 
be achieved because the second ion exchange membrane 
blocks the movement of active agent ions to the electrolyte 
solution reservoir. 

[0066] It should be noted that the second ion exchange 
membrane should have a transport number less than one (for 
example, a transport number of 0.7 to 0.95) because the ?rst 
electrolytic ion cannot transfer to the ?rst ion exchange 
membrane in order to substitute the active agent ion When 
the transport number of the second ion exchange membrane 
is one. HoWever, even the use of the second ion exchange 
membrane having a transport number from 0.7 to 0.95 can 
su?iciently prevent the transfer of the active agent ion to the 
electrolyte solution reservoir. 

[0067] The term “transport number” as used herein is 
de?ned as a ratio of a charge amount conveyed by the 
passage of an active agent counter ion through the second 
ion exchange membrane to the total charge conveyed 
through the second ion exchange membrane When an elec 
trical potential or voltage of the ?rst polarity is applied to the 
side of an electrolyte solution held by the electrolyte solu 
tion reservoir in a state Where the second ion exchange 
membrane is placed betWeen the electrolyte solution and an 
active agent solution containing appropriate concentrations 
of active agent ion and active agent counter ion (for 
example, an active agent solution used for doping the ?rst 
ion exchange membrane With the active agent ion). 

[0068] In some embodiments, the electrolysis of Water 
may occur at an interface betWeen the ?rst and second ion 
exchange membranes in some cases depending on energi 
Zation conditions and the like. Therefore, a semi-permeable 
membrane capable of permitting the passage of at least the 
?rst electrolytic ion can be interposed betWeen the ?rst and 
second ion exchange membranes for preventing the elec 
trolysis. 

[0069] In some embodiments, the second ion exchange 
membrane may be replaced With a semi-permeable mem 
brane. An effect similar to that described above can be 
achieved by using a semi-permeable membrane having a 
molecular Weight cutoff property With Which the passage of 
the ?rst electrolytic ion is permitted While the passage of 
active agent ions is blocked. 

[0070] The interface betWeen the second ion exchange 
membrane and the ?rst ion exchange membrane, each inter 
face among the second ion exchange membrane, the semi 
permeable membrane, and the ?rst ion exchange membrane, 
and/ or the interface betWeen the semi-permeable membrane 
and the ?rst ion exchange membrane can be joined integrally 
by means of, for example, thermocompression bonding. The 
integral joining can achieve an effect similar to that 
described above. 
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[0071] In some embodiments, it may be preferable that: 
the electrode assembly further include a second ion 
exchange membrane of the second polarity placed on the 
front surface side of the doping layer; and the electrolyte 
solution reservoir be placed on the front surface side of the 
second ion exchange membrane. 

[0072] An active agent may thus be administered to a 
subject in the same manner as described above. In addition, 
changes to the active agent upon energiZation may be 
prevented because the second ion exchange membrane 
blocks the transfer of active agent ions to the doping 
electrode. 

[0073] In some embodiments, the second ion exchange 
membrane can be replaced With a semi-permeable-mem 
brane. An effect similar to that described above can be 
achieved by using, a semi-permeable membrane having a 
molecular Weight cut-off property With Which the passage of 
the ?rst electrolytic ion can be permitted While the passage 
of active agent ions is blocked. 

[0074] The interface betWeen the doping electrode and the 
second ion exchange membrane or the interface betWeen the 
doping electrode and the semi-permeable membrane can be 
joined integrally in the same manner as that described above. 
The integral joining can achieve an effect similar to that 
described above. 

[0075] In some embodiments, it may be preferable that: 
the electrode assembly further include a ?rst ion exchange 
membrane of the ?rst polarity that is placed on the front 
surface side of the doping layer and that is doped With active 
agent ions of the ?rst polarity; and the doping layer be doped 
With an ion of the ?rst polarity. 

[0076] Such an electrode assembly can be used as an 
active electrode assembly in an iontophoresis device. An 
electrical potential or voltage of the ?rst polarity may be 
applied to the doping electrode in a state Where the ?rst ion 
exchange membrane is brought into contact a biological 
interface of a subject, Whereby an ion of the ?rst polarity in 
the doping layer transfers to the ?rst ion exchange mem 
brane, and active agent ions in the ?rst ion exchange 
membrane substituted by the ion transfers into the subject. 

[0077] In this case, energiZation from the doping electrode 
to the ?rst ion exchange membrane is caused by the transfer 
of an ion of the ?rst polarity in the doping layer to the ?rst 
ion exchange membrane. Therefore, gas generation and 
undesirable ion generation may be suppressed. 

[0078] Active agent ions may be administered to a subject 
from the ion exchange membrane of the ?rst polarity doped 
With the active agent ion. Accordingly, effects similar to 
those described above, such as an increase in ef?ciency of 
administration of an active agent and an improvement of the 
stability of the active agent ion, may be achieved. 

[0079] In addition, the doping layer may be doped With an 
ion of the ?rst polarity for substituting active agent ions. 
Therefore, the electrolyte solution reservoir can be omitted, 
so the need for handling a Wet member can be completely 
eliminated during production of the electrode assembly. 
Furthermore, the assembly of the electrode assembly 
requires only tWo members: the doping electrode and the 
?rst ion exchange membrane. Accordingly, the production of 
the electrode assembly is greatly simpli?ed. In addition, the 




























